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Abstract 
A general processing mechanism, fundamental for the computational properties of the cognitive architecture, called the Dynamic 
Infrastructure of Mind (DIM) is imported from an experimental application of mathematics teaching and learning in primary 
schools to the study of mother tongue in early secondary school. The proved fact that the input cognitive systems have an 
operational specificity, and that the intellectual resources are based on operations (not on information) justifies this approach. The 
results of the experiment conducted under different conditions compared to the previous one confirm its main conclusion: 
learning by enabling the dynamic infrastructure of mind is functional. This activation can become a working style that determines 
successful learning, especially in the qualitative side. By the increased ability to creatively solve a variety of problems, and by 
training the bootstrapping capacity, the students manage to transform themselves from passive receivers into active agents. As a 
consistent result, the students of our sample showed awareness of the learning operations.
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
This paper is the result of an applied research into the school practice. I intended to check an attractive theory, 
derived from mind-and-brain-based education: learning by enabling the dynamic infrastructure of mind (DIM). If 
the theory (Singer, 2009), which have been applied in mathematics with good results (Singer & Radu, 1994-1997; 
Singer, 2008), will prove functional also in other subjects, then it could open up new opportunities to address 
education that could lead to improving the quality of learning. At least two arguments sustained by the author led me 
to start this pioneering experiment to test the theory against applying it in mother tongue learning (to distinguish 
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from foreign language, whose learning is anticipated as possible in the DIM model even by Singer (2009; 2010a): 
1.The input cognitive systems are not domain specific but operational specific; 2. The intellectual resources are 
based on operations, not on content/ information. In addition, a tempting idea for educational practice is emphasised: 
the difficulty in making connections and transfers can be overcome by specific mental training. Rather than 
reproducing knowledge, it is more efficient to generate systematically in the students’ minds a processual 
construction of that knowledge, focused on operations. By adopting some basic operations identified as vectors of 
cognitive development, training becomes more effective (Singer, 2007). 
1.1. The DIM Model (Singer, 2009)  
The dynamic infrastructure of mind (DIM) is a general mechanism underlying the computational properties of the 
cognitive architecture on the basis of a minimum list of operational categories. The DIM categories contain innate 
components called inner operations, which develop spontaneously within the mind-environment interaction. 
Initiated as a general mechanism of information processing from the environment, DIM specializes operations that 
facilitate domain-specific learning. The identified categories are: Associating, Comparing, Algebraic Operations, 
Logical Operations, Topological Operations, Iterating, Generating. Singer claims that these are the elements that 
constitute a general processing mechanism of the dynamic infrastructure of mind (Singer, 2009). This teory seems 
very challenging for practitioners in the education system. My experimental approach is expected to lead to results 
that either will increase evidence for supporting the DIM hypothesis, or it will accreditate the idea that it works only 
in mathematics learning. 
1.2. The DIM model functioning in mother-tongue learning 
I conducted this research in conditions that were different compared to the ones of the mathematics study: 
students of different ages compared with those which have been successful in the previous experiment, a different 
size of the experimental sample, different duration of experiment, the assumed lack of control classes and, last but 
not least, a different school subject for which I implemented the DIM model. An important difference, strengthened 
in practice, also consisted of the fact that by the completion of primary schooling, the students already have 
possessing a domain-specific thinking (eventually embeded in stereotypes), which led to the need for its 
destructuring. Thus, the present research delineates to a particular and unique experiment in our education system 
landscape. I started from the assumption that if grade 5 students are trained to learn by enabling the dynamic 
infrastructure of mind, then they will naturally develop specific competences recommended for grade 5, and their 
learning will be more efficient. In this context, the aims of the research were: 1. to develop grade 5 specific 
competences in students through training that reinforces native learning facilitated by the dynamic infrastructure of 
mind; 2. to revitalize basic innate operations in approaching learning; 3. to propose a number of possible procedures 
to address the learning of the mother tongue subject through the DIM model. 
2. Metodology 
The school where the experiment was done is situated in Ilfov county, Romania, in a small town near the capital. 
It is a secondary school in a recently urbanized environment, where the main activities of students oscillate between 
housework and cultural and sports activities, within the school. A feature of the school is that a significant 
proportion of students come from the nearby rural schools. The 5th Grade  A,  where  the  experiemnt  took place,  is  
composed of 36 students. Children's age was 11-12 years. The students’ performance in learning was ranked as 
medium before the experiment started. The research was conducted over 58 hours in the first semester of the 2012-
2013 school year and covered three learning units: Word and text, The literary text /The non-literary text, The 
narative. A minimum of 33 students attended each class, on average, which make the research and the results 
relevant in this context. I used some material transversely over the entire experiment: the educational package (the 
student’s textbook and workbook, but not the teacher's guide), and two supplementary school books published after 
2010. For each learning unit I used dedicated material: the DIM sets of exercises, excerpts from fiction literature, 
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full texts - literary and nonliterary, dictionaries, CDs, theater props, maps, and movies watched at the cinema. I also 
used some modern methodological suggestions (Sâmihăian, 2011). 
2.1.  The initial assessment procedure 
The initial assessment test was a point of reference to verify the research hypothesis. It has been designed taking 
into account the evaluation standards at the end of the fourth grade. In order to follow the development of 
competences specific for grade 4, I made them equivalent with the assessment standards and I selected as variables 
those specific competences that it was supposed to analyze as result of the experiment. This approach has resulted in 
the establishment of an assessment scale that relates to the starting point of the research. 35 students attended. The 
items were of medium level of difficulty. The percentage of the students passing the test was 97.14%. The overall 
score grade was 7.82 (equivalent to the rating Good). 
2.2. The intervention procedure  
The experimental intervention took place during school hours, lasting 50 minutes, and in the classroom, except 
for watching the movie Ice Age 4, which happened at the cinema, and a short period of time (15 minutes) spent in 
the school yard for an athletic contest. Both exceptions were planned into the learning unit The narrative. The 
training procedures were recorded in the lists of exercises designed to address the dynamic infrastructure of mind 
(we'll call them DIM exercises). The exercises were designed to cover appropriately: some/all situations, or certain 
sequences of lessons, or assessment activities, either in the classroom or as homework. I justify this variability by 
the different focus/content of the lessons of the learning units. The content of the DIM exercises was designed by 
me, in a ratio of about 75%. The difference was made up of some exercises drawn from the educational packages 
traditionally used in the classroom. However, I interpreted even the exercises drawn from support materials through 
the operations of the dynamic infrastructure of mind. In reality, there are DIM type exercises in textbooks, but they 
are  not  addressed  systematically  so  as  to  achieve  their  goal.  I  thus  strengthen  F.  M.  Singer’s  claim  about  the  
existence of some of these types of exercises in textbooks (Singer, 2009). 
2.2.1.  The philosophy of the DIM exercises  
I replaced the name of the category Algebraic operations proposed by Singer, with the name Quantitative 
variation because this is more appropriate for applied research in linguistics. However, I preserved the spirit of this 
operational category. The operations were selected most often in combination. The teacher-experimenter did not 
indicate to students the nature of the intervention, and did not disclose the name of the fundamental operations. 
What was expected was an eventual awareness of the DIM-based learning with effect in increasing the quality of 
learning. The proposed exercises covered all the basic operations. The exercises must be solved in context otherwise 
they have no relevance, because they don’t fulfill their purpose "they do not activate the symbolic code and 
procedures in language" (Singer, 2009). The activities were designed so as to satisfy all the requirements to enable 
students  to  generate  their  own problems at  the  end -  in  the  project  developed at  the  end of  the  unit  -  (Generating
involves understanding). I sought to address four levels - reception and production of oral messages, reception and 
production of written messages, to make the students do, interpret, document, address multiple intelligences, target 
different learning styles, and be attractive in relation to the students’ age. The last three learning hours of each of the 
three units were dedicated to assessment activities: summative test and project presentation. 
2.2.2.  The DIM exercises in the learning units  
The DIM exercises were designed in different contexts: childhood game (Fheasant, Mim, juxtaposition of empty 
rhymed words, the detective with the magnifying glass), role playing (dialogues between actors with predetermined 
roles), and documentation (using dictionaries or papers from other domains - geography, biology). The students 
worked as writers (they modified texts of known authors, they substituted words, they chose between alternatives, 
they wrote their own texts), they wrote and presented weather reports, advertisements, recipes. The activities were 
performed involving visual (drawings, collage), auditory (CD) chinestethic (making objects). In other words, the 
exercises have addressed multiple intelligences (Gardner, 2006) and conneted multiples inteligences to the DIM 
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categories (Singer, 2010b). The types of classroom organization while learning were varied: frontal, individual, in 
pairs, in team, in groups. The sets of DIM exercises included activities that involved the operational categories, 
sometimes individual, often in synergy – this being a feature of the model. The intervention consisted of specific 
tasks designed to achieve the connection between the basic mental operations and the normal content of the lesson. 
For reasons of space, the teaching methodology cannot be presented in this paper. However, an example will give an 
introduction to how this theory has been applied; the description of the operational categories is taken from Singer, 
2009. The chosen example concerns the development of the competence refering to correct and adequate use of 
mother tongue in producing written messages in a variety of contexts and with a variety of purposes. The 
operational category generically called Associating includes operations described as connecting two entities based 
on a one-to-one correspondence. For example: Find a synonim for the word ”straight” in the following sentences: 
"Maria goes straight."  “He looked straight into his eyes." The Comparing operational category includes an entity 
described as associating with one or more other entities, based on a relationship. While the Associating category 
requires a bilateral link as a representational task, Comparing requires network connection; Associating emphasizes 
symmetry while Comparing could stress on asymmetry. For example: a) Compare the oral story of your fellow with 
the story written on the same subject and tells what are the differences and similarities. b) Read the lyrics Winter by 
V.Alecsandri, and the weather forecast for a winter day and compile lists of similarities and differences.
Quantitative variation refers to putting together, removing, enlarging, reducing, addition, divising, combining. 
While the first two operational categories (Associating and Comparing) act through the construction of relationships 
between two or more entities without altering their nature, the Quantitative Variation requires a response in order to 
get from given sets of entities, other sets, whose size is to be determined. For example, On the basis of the simple 
planning of the read story, write a developed planning. The category of Logical operations involves the use of 
various types of reasoning. An example in this category might be: Argue the option to have or not to have as pet a 
dog/cat/parrot. Topological operations allow identifying edges, borders, boundaries and studying phenomena 
occurring in these neighborhoods. For example, Write a fiction text and a functional one containing the words 
"winter" and "to sift". The operational category characterized by the perception of variability in regularity is called 
Iterating. For example: Continue the story by adding a sentence in a relay. Most often, iterating is practiced together 
with generating. Generating is described as the operational category whose elements create new entity, previously 
unknown, from the entities already known. For example: Complete the end of the lyrics so that you get rhyme.
Most often, however, the exercises simultaneously stimulate several basic categories: for example, associating, 
logical operation, quantitative variation can be identified in the task: Split the text into logical parts and synthesise 
the main idea of each fragment.
2.3. The final experimental procedure 
      To check the results of the intervention, the experimental procedures addressed the student both as a single 
entity, and as a member of a group, a collective entity. In the first case, the experimenter looked at the solution 
methods used by the student noticing if he/she resorted to a model learned in class, or if he/she was able to find 
ways to solve a deadlock and overcome difficulties. In other words, the experimenter-teacher wanted to see if the 
students can learn and use a working strategy focused on the DIM fundamental operations. Observation was the 
main way to collect data from the classroom activities; it was based on how the discussed problems were solved in 
the class, and involved especially the students who actively participated in these activities. The classroom 
observation was accompanied by competence-based assessment through a summative test and a final project at the 
end of each learning unit. Each student got marks for the tests based on competence achievement grading scales. 
Next, the students’ results lead to further steps to improve learning. Student as a member of a group was observed 
by the project reflective diary and the project itself. The project assignements targeted specific competences 
development and were constructed based on the fundamental categories of the DIM model.  
2.4. Data analysis 
The data analysis covered several stages: first I analyzed the initial test results for each student, and then I made a 
collective grid analysis for the entire class, which I called Collective grid analysis for initial testing. I noted there, in 
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the interest of the research, only those competences to be discussed in The progress grid. For each student, I 
aggregated the classsrooom observation results, the summative test, and the projects results in The individual 
analysis grid. Then I aggregated the results of each Individual grid analysis into a Collective grid analysis for each 
learning unit. In order to focusing on results, I followed longitudinally only those competences that appeared in at 
least two of the units, including also the initial test. In other words, I selected only common variables, which I 
included in the grid called Progress Grid Analysis. Thus, I could analyze the changes that have occurred. The Diary 
Analysis Grid globally examines the homework diary and the project diary. Everywhere, I checked if the students 
learn and perform tasks using the basic DIM categories. 
3. Results and discussions  
By applying procedures to activate the dynamic infrastructure of mind we recorded positive results rather in the 
qualitative dimension of learning than in the quantitative one. I established the hierarchy by reference to ratings. 
Most students have evolved within the confines of their own level, migrating to the top area: inside the rating 
“Sufficient”,  from  5  to  6,  inside  the  rating  “Good”,  from  7  to  8,  and  inside  the  rating  “Very  Good”,  the  students  
seem to become more meta-cognitive. In other words, I got a confirmation that the DIM mechanism gradually 
specializes operations that facilitate the knowledge acquisition. Students exceeded their habit of giving short 
answers and they manifested the desire and ability to argue a point of view and explain through the construction of 
metaphors often equivalent (a target of Associating). For example: "the inflexible parts of speech are as the bottom 
of  a  wooden  shoe:  does  not  change  its  shape  when  walking."  They  also  began  to  operate  with  some  linguistic  
theoretical features. For example: "The flexible parts of speech change their shape in communication; because the 
word ‘on’ does not change its shape, it is inflexible” (this witnesses for the understanding of the process). They 
learned the structure of Logic operations and they managed to transfer it in other contexts in school – and probably 
beyond. The history teacher commented: "At the beginning of the school year, they did not even see the logical 
connections. Now they explain them to me.” I noticed progress in different aspects of learning: the time reduction in 
assimilating knowledge with understanding, promptness in solving creative tasks – I mean exactly where there is a 
significant reluctance to start solving, as well as enthusiasm to generate problems. The students pose tasks to 
themselves after the end of the experiment. For example, to determine the noun classification, the teacher proposed, 
based on a sentence selected from the text of a student (Anna buys sunflower oil.), comparing the words oil and 
Anna, and children suggested comparing the words oil / Sunflower; Anna/ sunflower. This fact highlights the 
Comparing operational category, and Quantitative variation. Student diaries contain information about the 
awareness of the cognitive acquisition. The results of the analysis (see Fig. 1) shows that the percent of irrelevant 
notations decreased from 77.80 in the first unit to 41.70 at the end of the to the last unit, and the percent of partially 
relevant entries increased from 22.20 to 33. 30. In addition, the percent of relevant entries increased from no student 
to make relevant comments to 25% of relevant comments. I give some examples: "I looked at models solved in the 
classroom" (Iterating); "I replaced the words with others, more appropriate" (substitution in the Associating
category); "I thought of a word to connect a weather forecast, a recipe, and a literary text" (Topological operation); 
"I wrote a narrative first, then I rewrote it to combine it with dialogues" (Quantitative variation); "We changed the 
title because we realized that, in fact, the fight is only between plants and animals, so the title The war of the three 
dimensions was incorrect, so we called our narrative The meeting of the three dimensions "(Logic operation).  
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Figure 1: The results obtained from the students’ diares analysis 
As a teacher of the class, I noticed a significant change in the comprehensive approach of workload - to some 
students more strongly than to others, a fact visible in their homework or project diaries. I consider that a real 
success of my approach is that students consciously use now domain specific jargon. In other words, they can 
understand the meaning of concepts and they can apply them in a journey that evolves from intuition to 
demonstration of various processes which involve fundamental operations. As an emotional implication, I noticed 
that the student become more and more confident. 
4. Conclusions 
Learning through DIM activation is functional, but I think that the beginning of school years is important to 
obtain consistent positive results. This research reinforces the results obtained in the experiment applied in 
mathematics: activating DIM can become a work style that determines success in learning, especially in the 
qualitative side. Developing an increased capacity for generating (understanding supported by grasping phenomena, 
relationships, processes), for solving tasks creatively, and stimulating a bootstrapping natural tendency, students can 
transform themselves from passive receivers into active agents. 
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